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Abstract 
This paper proposed the deployment of dilation and erosion with Fuzzy c-Means (FCM) as an effective optic cup and disc 
segmentation. The cheapest way to monitor glaucoma disease is using digital fundus camera. These images are stored in RGB 
format which can be split into red, green and blue channels. Previous work has identified green channel as the most suitable due 
to its contrast. The extracted green channel is segmented with FCM. In another test, the set of images are preprocessed with 
dilation and erosion to remove the vernacular. The segmentation is evaluated based on the ground truth areas that are outlined by 
the ophthalmologists. The CDR measurements are calculated from the diameter ratio of the segmented cup and disc. The 
assessment shows that omitting the vernacular area improved the sensitivity, specificity and accuracy of the segmented result. 
© 2014 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the Centre for Humanoid Robots and Bio-Sensing (HuRoBs). 
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1. Introduction 
Glaucoma is a disease defined by increased pressure within the eyeball, causing severe damage to the optic nerve. 
It is the highest cause of blindness and irreversible. However, with early discovery early and proper treatment, it can 
be avoided [1,5,7]. Glaucoma detection test includes specialized equipment such as Optical Coherence Tomography 
(OCT) and Heidelberg Retinal Tomography (HRT) and are only available in large cities in Malaysia. These 
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equipments require highly trained specialists, time consuming and very costly [1,3,10]. Digital fundus camera has 
always been a cheaper solution for eye screening.  
In glaucoma detection, fundus image of patients is analyzed according to the relative size between the optic cup 
and disc (CDR) [4].  CDR is an important parameter in determining glaucoma through the segmentation of the optic 
cup and disc area of a fundus image [2,9].  Unfortunately, detection for CDR measurement is difficult due to the 
unclearly defined colour texture between the optic cup and disc [2,9]. The segmentation is further challenged by the 
low visibility of the boundary between optic cup and disc, and high density vascular in the optic region [4].  
Some researches attempt to detect the cup and disc area from a fundus image through image processing methods 
to overcome the unclear edges of the optic cup and disc. Previous works have deployed technique such as region 
growing [3], edge detection [8], thresholding [6,8,12] and morphological operations [3,8] in measuring the optic cup 
and disc.  
More accurate solution through image processing [11,12] and artificial intelligence techniques [5] included 
Genetic Algorithm [14,15], and Artificial Neural Network (ANN) [3]. Presently many clustering algorithms have 
been developed for image segmentation. Artificial intelligence and fuzzy based method such as Fuzzy C-Means 
(FCM) [14,16,17,18,19], Adaptive Neuro Fuzzy Inference System (ANFIS) [20], K-Means [21] are found to be 
successful in image segmentation. [17] proposed FCM as a clustering method for colour image segmentation where 
it is used segmentation method based on the basic region growing method and used membership grade’s of pixels to 
classify pixels into appropriates segments. 
The research focus of this paper is to FCM algorithm on fundus image to segment optic cup and disc for CDR 
measurement.The organization of the rest of this paper is as follows: Section 2 presents our methods, including the 
overview of the methodology and descriptions of FCM algorithm’s structure. Section 3 discusses the results and 
discussions. Finally, we present our conclusion in Section 4. 
2. Proposed Method 
The proposed method consists of pre-processing, processing and post-processing as shown in Fig. 1. Twenty-
seven high resolution fundus images are collected.  The preprocessing stage includes reducing the size of fundus 
image and separating the colours of the fundus image. The processing stage is an FCM segmentation method. 
Finally the post processing stage consists of colour segmentation analysis using Receiver Operation cost method and 
subsequently the CDR measurement calculation and evaluation.  
 
Fig. 1. Flow diagram of FCM segmentation. 
2.1. Preprocessing Stage  
Preprocessing stage includes two tasks; region of interest (ROI) and color channel analysis. ROI involve cropping 
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Fuzzy C-Means Step: 
Step 1: Initialize default value for cluster centre 
Step 2: Update MF values( kiμ ) for each component using Equation 1 
Step 3: Update cluster centre values( vi ) as in Equation 2 
Step 4: Repeat the step 2 and 3 until the minimum “j” value is achieved or check the termination criterion using  
Epsilon value(ξ ) in Equation 3. 
Step 5: Classify the highest value of membership functions and segment the image. 
The number of clusters centre is an important parameter in FCM algorithm and has to be decided at the beginning in 
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      Table 3.  FCM segmentation results 







2.3. Post Processing Stage  
At this stage, the Receiver operating characteristic (ROC) and performance analysis and CDR are evaluated. 
Performance analysis involves the segmented image to be evaluated based on the ground truth conducted by the 
ophthalmologists. ROC is used to measure the value of FP, FN, TP and TN of the segmented image as shown in Fig. 
4. ROC analysis is based between the TP fraction and TN fraction, produced by classifying each pixel as positive 
and negative from the segmented fundus image. 
The four primary conditions in Table 4 are used to identify the FCM segmentation quality and the level of 
accuracies for optic cup and optic disc segmentation. 
                                                    Table 4. Primary Conditions of ROC Analysis 
ROC  Description 
True Positive TP region segmented as Disk/Cup that proved to be Disk/Cup 
True Negative TN region segmented as not Disk/Cup that proved to be not Disk/Cup 
False Positive FP region segmented as Disk/Cup that proved to be not Disk/Cup 
False Negative FN region segmented as not Disk/Cup that proved to be Disk/Cup 
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techniques improved the quality of the FCM segmentation. Overall, the performance analysis shows FCM with 
morphology is better than without morphological process. 
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